Possible Pinocytosis in Epidermis**From the Department of Dermatology, University of Oklahoma Medical Center, Oklahoma City, Oklahoma.  by Nix, Thomas E et al.
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Copyright 1965 by The Williams & Wilkins Co.
Vol. 44, No. 5
Printed in U.S.A.
Preliminary and Short Report
POSSIBLE PINOCYTOSIS IN EPIDERMIS*
THOMAS E. Nix, JR., M.D., ROBERT E. NORDQUIST, B.A. AND MARK ALLEN EVERETT, M.D.
Edwards (1) first observed "food cups" develop-
ing in the pseudopodia of amebae immersed in
salt solutions, in the absence of solid particles. By
closure of the margins of the cup, a vesicle was
constricted off from the plasma membrane and
borne into the cytoplasm where it remained visible
for only 3 to 5 minutes. Later, Lewis (2) observed
a similar phenomenon occurring in tissue cultures
of macrophages from rat omentum. Mobile, ruffle-
like pseudopodia were seen to entrap fluid globules
(1 to 6 microns in diameter) and fuse around the
globules, completely enclosing them. The discrete
glohules then passed toward the center of the cell.
For this process Lewis coined a term from the
Greek stems irtvctv (to drink) and icwro (a cell).
The term "pinocytosis" thus designated "drinking"
by cells, in contrast to phagocytosis—eating by
cells.
Although originally known to be a process by
which a cell takes in water, later experiments dem-
onstrated that protein (3—7) and glucose (8)
solutes could be ingested in the pinocytotic vesicles.
Thus macromolecules may gain access to the cyto-
plasm by this device.
Brandt (5) has adduced evidence that the initial
step in pinocytosis is adsorption of a charged
solute to the plasma membrane. Ionic charge is
the major determinant of the adsorptive properties
of a molecule. In Brandt's experiments, ionic
charge of the solute seemed to be critical in de-
termining whether or not a solute would induce
pinocytosis in amebae. He found the most active
charged solutes to be sodium chloride, potassium
chloride, proteins (especially gamma globulin),
and versene. Ultraviolet irradiation has been
noted to trigger pinocytosis in amebae (9).
At present, the fate of pinocytotic vesicles and
their contents is not known and available explana-
tions are mainly hypothetical (7, 10).
Pinocytosis has been observed in a number of
cell types other than those mentioned above, i.e.
fibroblasts (2), sarcoma and carcinoma cells of
rodents (2), endothelium (11, 12), Schwann cells
and satellite cells of sympathetic neurons (13),
yolk sac epithelium (14), renal epithelium (15, 16),
leukoctes (9), and smooth muscle (17).
MATERIALS AND METHODS
Biopsy specimens of normal human skin were
fixed in osmium tetroxide, embedded in Maraglas
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eposy resin (18), and studied in the RCA EMU
3F electron microscope after staining of thin sec-
tions with uranyl acetate.
RESULTS
Located on the plasma membrane of epidermal
basal cells where they juxtaposed the basement
membrane were a number of smooth, round pro-
files, measuring 60 to 120 millimicrons (average
90) in longest axis. (Figures 1—4) In many instances
these round profiles, designated as vesicles, ap-
peared to open at the surface of the cell, giving
the impression of being small invaginations of the
plasma membrane. Some of the vesicles were com-
pletely closed and well separated from the mem-
brane. Others seemed to be closed but contiguous
with the plasma membrane. These vesicles were
seen frequently along the lateral walls of basal
cells, where the plasma membrane of one basal
cell was adjacent to that of another basal cell.
They were never observed at the plasma mem-
branes of basal cells adjoining the spinous layer,
or at plasma membranes of any epidermal cells
distal to basal cells.
DISCUSSION
Different cell types show different morphological
patterns of pinocytotic vesicles (10). Size of vesi—
des varies from species to species (2, 10, 11, 13,
19). Primary pinocytotic vesicles in amoebae have
a diameter of 1 to 2 microns whereas in some cells
the diameter of the vesicle is as small as 100 A
and is only discernible by electron microscopy.
In our specimens the vesicles ranged in size from
60 to 120 millimicrons.
Although it could be argued that the vesicles
present along the plasma membranes of epidermal
basal cells function by taking in nutrient solutions
filtered through the basement membrane from the
dermis, such a view cannot be proven without
further evidence. Micrographs of static structure
do not permit error-free deductions regarding
function. An experiment could be designed in
which a tagged material, e.g. fluorescent protein,
ferritin, or a radioactively tagged solute, could be
introduced into the dermis. If its progress could
be followed (by means of light and electron
microscopy) from the dermis into the basal cell
plasma membrane vesicles and thence into their
cytoplasm, the opinion that these vesicles were
pinocytotic would rest on firm ground. A contrary
interpretation of the vesicles would be that they
transported metabolites from basal cell cytoplasm
to the plasma membrane where they fused, opened
to the outside and voided their contents into the
space between basal cell and basement mem-
brane (20).
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FIG. 1. Epidermal basa' cell showing vesicles (V) arising from plasma membrane adjacent to base-
ment membrane (BM). Tonifibrils (Tf). Irregular dense body (IB). Melanin granules (m). Dense small
particles (60-290 A) (P). X 32,928.FIG. 2. Higher magnification of plasma membrane-associated vesicles (V) depicted in Figure 1.
Basement membrane (BM). Tonifibrils (Tf). Collagen fibril (C). X 65,856.
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Fic. 3. Vesicles (V) arising as apparent invaginations of plasma membrane of epidermal basal cell.
Basement membrane is not discerned in this micrograph, presumably due to plane of sectioning. Dermis
(D). Nucleus (N). X 148,500.
FIG. 4. Epidermal basal cell with vesicles (V) impinging on plasma membrane and some separate from
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